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Owing to the increased application of prostate-specific antigen (PSA) screening, changes in dietary habits and aging of the population, the incidence of prostate cancer has increased sharply in China; however, the geographical distribution and prevalence of the disease is imbalanced. Compared with eastern regions of China, many more patients with advanced prostate cancer have been diagnosed in western regions in the past several decades. As Huggins et al. [2] showed that castration resulted in the regression of prostate cancer, androgen deprivation therapy, including castration alone and maximal androgen blockade (MAB), has been the mainstay of the treatment for advanced prostate cancer when radical therapy is impossible. However, whereas the treatment usually attains an initial regression in many patients with advanced prostate cancer, the duration of this regression is limited to only 18-36 months [3] . After this period, most of the tumors progress to become androgen refractory, leading to death in 9-12 months [4] . MAB, which was first described early in 1982 [5] , is composed of a nonsteroidal or steroidal anti-androgen and medical or surgical castration. To date, the use of MAB over castration alone has been widely debated because of conflicting efficacy data from individual clinical trials, as well as tolerability and cost issues [6] [7] [8] [9] . The effect of androgen deprivation therapy on advanced prostate cancer has been observed; however, the exact efficacy of either MAB or castration alone in the treatment of Chinese patients has not been summarized systemically.
In the present retrospective study, clinical data from patients in West China Hospital who had advanced prostate cancer and received either MAB or castration alone were collected and analysed. We evaluated the efficacy of androgen deprivation therapy in the treatment of advanced prostate cancer in China and compared the efficacy and toxicity of MAB and castration alone.
Materials and methods

Patients and follow-up
Between January 1996 and December 2004, 722 patients treated at the West China Hospital were consi dered for evaluation. All the patients were histologically documented, previously untreated and had advanced (clinical staging 3 or 4) prostate cancer with different levels of PSA. Patients were retrospectively classified according to therapeutic regimen, that is, into the MAB group or the castration alone group. Patients in the MAB group received castration plus nonsteroidal antiandrogens (NSAAs) until the disease progressed.
Detailed follow-up data were available for 608 prostate cancer patients, including 300 patients treated with MAB and 308 patients treated with castration alone. At the final cutoff day for analysis, the median duration of follow-up was 40 months (ranging from 2 to 99 months, mean 40.8 months). The clinical history of cancer, biopsy data, Gleason score and clinical staging at diagnosis had been recorded. Serum PSA had been measured at the beginning of hormonal therapy and monitored regularly during treatment (Table 1) .
Treatments
Castration alone was achieved through medical or surgical techniques, by the use of a Luteinizinghormone-releasing hormone (LHRH) agonist (Goserelin acetate; 3.6 mg subcutaneous injection every 28 days) or bilateral orchiectomy. When patients were treated with medical castration alone, oral NSAAs (bicalutamide or flutamide) were simultaneously given for 4 weeks to prevent a probable flare reaction. MAB was defined as castration plus NSAAs (bicalutamide [50 mg; once daily] or flutamide [250 mg; thrice daily]. If the duration of castration combined with NSAAs was less than 3 months, the regimen was classified as castration alone.
Assessment of efficacy and toxicity
Two end points were evaluated: progression-free survival (PFS) time and overall survival (OS) time. Toxicities were also evaluated. Disease progression was defined as any of the following during the initial hormone therapy: the appearance of one or more new bone metastases on bone scan, attributable to metastatic disease; evidence of worsening of any existing bone metastasis on bone scan, attributable to metastatic disease; the appearance of one or more new extra-skeletal metastases or an increase by 20% or more (compared with maximal diameter recorded before treatment) of any existing extra-skeletal metastasis; the elevation of serum PSA level (three consecutive tests of rising serum PSA or post-treatment PSA level over 4 ng mL ); and death from disease. The end point for analysing patients in the study was 31 December 2008. During the follow-up time, disease progression occurred in 348 patients and 256 patients died. Toxicities were also evaluated according to the common toxicity criteria of the National Cancer Institute, China. 
Statistical analysis
Treatment outcome was assessed as OS and PFS rates using the Kaplan-Meier method, and it was correlated with age, clinical staging, Gleason score, basal level of serum PSA, PSA variation after treatment, therapeutic regimen and metastatic status. The MannWhitney U-test, χ 2 -test, Spearman's correlation test and log-rank test were also used for analysis of relationship and difference among variables, as appropriate, with P < 0.05 considered to indicate statistical significance in all tests. Cox's proportional hazard regression model was used for the identification of disease and patient variables that were most correlated to the end points. All of the analyses were performed with SPSS v.13.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics and disease status before therapy
Of the 300 patients in the MAB group, over 80% (242/300) of the patients had castration by bilateral orchiectomy, 58 patients were given medical castration. In total, 144 patients were treated with castration plus flutamide and the remaining 156 patients were treated with castration plus bicalutamide. In the castration alone group, 261/308 patients (84.7%) had an orchiectomy and the left 47 were given medical castration. Of the 261 patients who underwent surgical castration, 102 were given NSAAs simultaneously for less than 3 months. Details of the pre-treatment demographic characteristics are shown in Table 1 . All baseline characteristics between the two groups were similar. npg group, the median PFS time of the MAB group had an absolute increase of 6 months from 45.5 to 51.5 months ( Figure 1E ).
Progression
The association of PFS with other clinical variables of patients, including age, clinical staging, Gleason score, metastatic status, pre-treatment serum PSA level and PSA variation after treatment, was also investigated (Table 2 and Figures 1A, C, G) . Age, clinical staging and Gleason scores were not associated with disease progression. A higher basal level of serum PSA at the initial time of diagnosis (PSA ≥ 50 ng mL −1 ) was strongly associated with poorer PFS time in all patients. Obviously, patients with metastatic prostate cancer (M1) had a shorter PFS time than those with nonmetastatic prostate cancer (M0) (41.07 ± 15.47 vs. 51.67 ± 17.99 months; P = 0.003, Table 2 and Figure 1C ). It was highlighted that PSA normalization at 3 months after endocrine treatment (defined as patients with PSA < 4 ng mL
) was associated with a much longer PFS time (54.39 ± 18.91 vs. 34.73 ± 16.66 months, respectively; P = 0.000, Table 2 and Figure 1A ).
PFS in patients with metastatic prostate cancer
On the basis of the status of metastasis, patients were further classified into metastatic prostate cancer group (M1) (n = 248) and nonmetastatic prostate cancer group (M0) (n = 360). In the M1 group, basal PSA level, PSA normalization 3 months after treatment and selection of MAB were correlated with favourable progression of disease (Table 3 ). The PFS time of patients with MAB in the M1 group was almost 10 months longer than of those with castration alone (P = 0.014) (Figure 2A ). Further analysis revealed that, within the M1 group, there were 156/248 patients with a basal level of serum PSA over 50 ng mL −1 at initial diagnosis; they could much more predominantly benefit from treatment with MAB than castration alone (Data not shown). Otherwise, in the M0 group, compared with castration alone, MAB could not statistically improve PFS (P = 0.096) ( Figure 2C ).
Overall survival
The 2-year OS rate of the 608 patients was 73.7% and the 5-year rate decreased to 56.0%. Mean PFS and OS time periods were 47.43 ± 14.47 and 64.38 ± 16.22 months, respectively. Subanalysis showed that the 2-year OS rate of patients with metastatic prostate cancer was lower than that of patients with nonmetastatic prostate cancer (69.8% vs. 77.1%, respectively); 
OS in patients with advanced prostate cancer
The mortality of patients treated with MAB was 38.0% (114/300), compared with 46.1% (142/308) patients in the castration alone group (λ 2 = 4.694, P = 0.049). Although MAB was associated with favourable PFS time, OS findings were similar between the two groups (61.23 ± 16.55 vs. 61.45 ± 14.08 months, respectively; hazards ratio [HR] 0.957; 95% confidence interval [CI] 0.719-1.131; P = 0.092) ( Figure 1F) .
The univariate analysis showed that OS was obviously associated with the metastatic status and basal PSA level of patients with prostate cancer (Figures 1D and H) . We should pay close attention to the fact that the presence or absence of PSA normalization (< 4 ng mL −1 ) within 3 months after treatment could also intensively predict the outcome of disease (71.34 ± 18.36 vs. 43.17 ± 14.32 months, respectively; P < 0.001) ( Table 2 and Figure 1B) . Subgroup analysis suggested that if the PSA level did not decrease to 4 ng mL −1 within 3 months of treatment, then even MAB was not superior to castration alone in prolonging OS time (45.31 ± 16.28 vs. 41.91 ± 13.13 months; P = 0.100). In addition, age, clinical staging and Gleason scores were not considered prognostic factors for advanced prostate cancer.
OS in patients with metastatic prostate cancer
In the present study, 120/360 patients (33.3%) Figure 2B ). In contrast, patients with nonmetastatic prostate cancer could not benefit from MAB (HR 1.373, 95% CI 1.053-1.651, P = 0.143) ( Figure 2D ). Subgroup analysis confirmed that, among patients with metastatic prostate cancer, 87/124 patients (70.2%) receiving MAB achieved PSA normalization within 3 months, while only 62/124 (50%) patients receiving castration alone gained normal PSA level within 3 months. Furthermore, analysis of combined PSA data from the group of metastatic prostate cancer patients showed longer median OS time among patients with a higher level of basal PSA (higher than 50 ng mL ) compared with patients with lower PSA level (41 vs. 33 months, respectively; P = 0.010).
Results of multivariate survival analysis
Multivariate analysis by Cox proportional hazard regression showed that in patients with advanced prostate cancer, PSA normalization within 3 months of treatment was an independent prognostic factor, not only for PFS (RR = 2.379, 95% CI = 1.614-3.507, P = 0.009) but also for OS (RR = 2.699, 95% CI = 1.731-4.206, P = 0.004). It is worthy of noting that, except for PSA normalization, MAB was another independent prognostic factor for PFS in patients with metastatic prostate cancer (RR = 1.617, 95% CI = 1.131-2.311, P = 0.048).
Efficacy of different MAB combinations in the treatment of advanced prostate cancer
Although the difference was not statistically significant, pa tients treated with castration plus bicalu tamide (n = 156) had a longer PFS than those using flutamide (n = 144) (47.55 ± 16.74 vs. 41.22 ± 14.75 months, respectively; P = 0.054). However, the OS between these two subgroups was similar (62.23 ± 17.31 vs. 60.77 ± 14.28 months, respectively; P = 0.098). Remarkably, if patients with nonmetastatic prostate cancer were excluded from MAB group, the difference in PFS between patients with castration plus bicalutamide (n = 88) and castration plus flutamide (n = 56) were statistically significant (45.24 ± 15.69 vs. 38.85 ± 15.21 months; HR 0.873; 95% CI 0.656-1.234; P = 0.045). Furthermore, although without statistical significance, patients with metastatic prostate cancer treated with castration plus bicalutamide indeed had a longer OS time than those with flutamide (54.64 ± 17.05 vs. 47.80 ± 16.44 months; HR 0.898; 95% CI 0.546-1.475; P = 0.103). The analysis showed that there was no difference between medical castration and surgical castration in the aspect of efficacy.
Tolerability and toxicity
Overall, adverse events associated with treatment, either MAB or castration alone, were well tolerated and npg [11] [12] [13] . However, other trials did not find a superior advantage of MAB. To evaluate the role of MAB on advanced prostate cancer deeply and thoroughly, further systematic review and meta-analysis of data pooled from the RCTs compared the difference between MAB and castration alone in the treatment of advanced prostate cancer [6, 8, 9, 14] . Most of the meta-analyses revealed a small but statistically significant survival difference among patients with MAB compared with castration alone, which confirmed the survival benefit of this kind of regimen; however, combination therapy led to higher medical expense and, inevitably, more adverse effects.
reversible. No treatment-related death was recorded and severe adverse events (grade 3 or 4) seldom occurred. The common, frequently reported adverse events in both groups were hot flushes (41.3% and 42.8%) and fatigue (29.0% and 27.3%). The incidence of diarrhoea, constipation, nausea or vomiting, haematuria, visual disorders and hepatic dysfunction was higher in the MAB group than in the castration alone group (Table 4) . When the MAB group was classified into subgroups, castration plus bicalutamide and castration plus flutamide, the incidence of adverse events between subgroups was quite different. The incidence of gastrointestinal symptoms, including diarrhoea, nausea, vomiting and increased alanine transaminase/aspartate aminotransferase, was predominantly higher in the castration plus flutamide subgroup, whereas haematuria and visual disorders were more common in the bicalutamide subgroup (Figure 3 ).
Discussion
From the early 1980s, over 30 randomized clinical trials have been performed to evaluate the efficacy of MAB [10] . These trials used flutamide, nilutamide or cyproterone acetate as the anti-androgen combined with surgical or medical castration. Among these trials, three large randomized controlled trials (RCT) showed the significant survival advantage of MAB over castration alone in the treatment of metastatic prostate cancer Table 4 . Incidence of common adverse events among patients with advanced prostate cancer receiving either MAB or castration alone.
All grades in MAB group (%)/grade ≥ 3 All grades in Bicalutamide Flutamide Total castration alone subgroup subgroup group (%)/grade ≥ 3 (n = 156) (n = 144) (n = 300) (n = 308) Hot flushesnpg In the present retrospective study, the 5-year OS was 56%, and subgroup analysis for patients with metastatic prostate cancer showed that the 5-year OS decreased to 41.4%. Nevertheless, compared with data from PCTCG [6] , OS in our group with metastatic prostate cancer was still much higher (41.4% vs. 27.6%). Hazard model analysis showed that patients with metastatic prostate cancer could benefit significantly more from MAB than patients with nonmetastatic prostate cancer. MAB treatment of metastatic prostate cancer was associated with a 20.6% reduction in mortality risk compared with castration alone. A recent clinical trial from Japan has reported the superior effect of MAB in Japanese patients with prostate cancer [15] . In the present study, Chinese patients seemed to have similar results to Japanese patients. The possible reasons for our superior results are explored and discussed. First, although there is a lack of evidence in the current literature, we hypothesized that Asian men with metastatic prostate cancer might be more sensitive to androgen deprivation therapy than Western men. Second, in our study, most of the patients were given a bilateral orchiectomy rather than medical castration. Whether surgical castration has a more persistent and efficient androgen deprivation effect should be studied. Our data strongly support the recommendation of MAB for patients with metastatic prostate cancer, whereas for patients with nonmetastatic prostate cancer, the efficacy of MAB was not superior to that of castration alone.
In the present study, the relationship between several clinical and pathological variables and outcomes was analyzed. Univariate and multivariate analyses showed that, among these variables, metastatic status, basal level of serum PSA and speed of PSA normalization within 3 months of treatment were strongly associated with prognosis of the disease. Adequate understanding of these predictive factors could undoubtedly be applied to early intervention and timely evaluation for suitable patients. These factors could also help clinicians determine the most efficacious therapeutic regimens.
It is worth noting that because most studies of combined therapy versus castration alone were conducted before the availability of bicalutamide, few metaanalyses or randomized clinical trials have evaluated the role of bicalutamide. To estimate the benefit of bicalutamide in combined therapy, Klotz et al. [16] used data from the PCTCG meta-analysis for flutamide plus castration versus castration alone (HR 0.92; 95% CI 0.86-0.98) to calculate an estimate of the likely benefit of bicalutamide combined therapy versus castration alone (HR 0.80; 95% CI 0.66-0.98). The estimate suggested the probable beneficial advantage of MAB using bicalutamide over MAB using flutamide. Recently, a randomized clinical trial from Japan updated its previous study results: MAB using bicalutamide offered a significant OS benefit compared with LHRH agonist alone in patients with metastatic prostate cancer, and even in locally advanced prostate cancer [17] . In the present study, patients within the MAB group were treated either with castration plus bicalutamide (n = 156) or with castration plus flutamide (n = 144). To further evaluate the efficacy of these two regimens of MAB, we attempted to compare PFS and OS time between patients with MAB using flutamide and patients with MAB using bicalutamide. Although the total number of our patients was relatively small, patients with MAB using bicalutamide had a much longer PFS than those using flutamide (45.24 ± 15.69 vs. 38.85 ± 15.21 months). Although it was not statistically significant, the mean OS time of patients with MAB using bicalutamide was increased by almost half a year. Again, this result revealed the superior efficacy of bicalutamide in combined hormone therapy.
In fact, as bicalutamide was approved by the Food and Drug Administration as one of the NSAAs in the treatment of prostate cancer, several relative studies have elucidated the fact that it has more potential advantages than other nonsteroidal anti-androgens, such as flutamide and nilutamide. First, pharmacokinetic studies have illuminated that bicalutamide has a fourfold greater affinity for the androgen receptor than flutamide and nilutamide [18] . Second, basic studies have already confirmed that the androgen receptor signalling pathway is not exclusively activated by androgen ligands, but can also be activated by nonsteroidal growth factors, cytokines and other non-ligand-dependent molecules [19] . These include interleukin-6 and interleukin-10, insulin-like growth factor, epidermal growth factor and signal transduction factors such as protein kinase A [20] . Preclinical data have shown that, among nonsteroidal anti-androgens, bicalutamide is a better candidate potential inhibitor for these androgen-independent factors. Furthermore, bicalutamide was found to interact more avidly with AR nuclear coactivators, cosuppressors and androgen-regulated genes, which have an important role in the activation of the androgen signaling pathway [21] [22] .
In regard to toxicity, adverse events between bi-npg calutamide and flutamide were also evaluated in the present study. Overall, compared with that in patients with castration alone, the incidence of adverse events was higher in patients with MAB. When the incidence of adverse events was compared for patients treated with castration plus bicalutamide and for those treated with castration plus flutamide, the incidence of adverse events of the bicalutamide group was slightly lower than that of the flutamide group. Gastrointestinal symptoms, including diarrhoea, nausea, vomiting and hepatic dysfunction, commonly occurred in patients with flutamide. Although incidences of haematuria and visual disorders were relatively low, they almost exclusively occurred in patients with bicalutamide. Generally, most of the adverse events induced by androgen deprivation were mild to moderate, tolerated, reversible and manageable.
Conclusions
In summary, this is the first time that the efficacy of hormone therapy for advanced prostate cancer has been reported on a large-scale retrospective study in China. Patients with advanced prostate cancer in this study seemed to be more sensitive to hormone therapies than Western patients. For patients with metastatic prostate cancer, first-line treatment with a combination of NSAAs (including flutamide and bicalutamide) and surgical or medical castration could provide superior efficacy over castration alone in terms of achieving PSA normalization within 3 months, PFS and OS. On the other hand, for patients with nonmetastatic prostate cancer, if the cost-efficacy ratio is considered, castration alone might be adequately practical and efficient until the disease progresses to metastasis.
Although this is a retrospective study, these results should contribute to the choice of treatment by Chinese clinicians. A larger sample and a longer time of followup would be expected to disclose the real status of hormone therapy for advanced prostate cancer in Chinese patients.
